Exposure RoutesIPathways
Perchlorate salts are highly water-soluble and fully ionize in water.2 The resulting perchlorate ion is identical whether it is from the ammonium salt or another salt such as potassium and its toxicity is due to the perchlorate ion (Clod-). Chemicals may enter the human body in several ways, known as routes of exposure or pathways. Routes of exposure can include ingestion, dermal (skin) absorption and inhalation. The primary route of exposure for perchlorate is through ingestion of water from contaminated drinking water supplies, although ingestion of contaminated food and milk are other potential sources of exposure.
Absorption through skin and inhalation of perchlorate are minor exposure pathways. Compounds most readily absorbed through the skin are primarily organic chemicals. Because perchlorate is an inorganic compound and completely ionized in water, the potential for dermal absorption of perchlorate through intact skin while bathing and washing is unlikely.
Occupational exposure of workers to perchlorate is primarily through inhalation of ammonium perchlorate dust during the commercial production or use of perchlorate salts. Occupational exposure in ammonium perchlorate production facilities was shown to be higher than potential exposures from drinking water or food sources.394 Exposure by inhalation results in absorption into the body through the mucous membranes in the respiratory and gastrointestinal tracts. Some direct ingestion through the oral route is possible, as is dermal contact, but both of these pathways are minor in occupational settings.
PERCHLORATE HEALTH EFFECTS

Mechanism of Toxicity
Thyroid hormones are essential to the regulation of oxygen consumption and metabolism throughout the body. Thyroid iodine metabolism and the levels of thyroid hormone in serum and tissues are regulated by a number of fairly well understood homeostatic mechanisms5 Thyrotropin (TSH), a hormone synthesized and secreted by the anterior pituitary gland, is the primary regulator of thyroidal iodide uptake and other aspects of thyroid f~n c t i o n .~ The secretion of TSH is regulated by a negative feed-back pathway through serum level of T3 and T4. Formation of thyroid hormones is depressed if sufficient inhibition of iodide uptake occurs. As a result, increased TSH secretion from the anterior pituitary gland will stimulate the thyroid to produce more T3 and T4. Inhibition of iodine uptake is the basis for the current and former pharmacological uses of perchlorate.
Perchlorate, like many chemicals and drugs, disrupts one or more steps in the synthesis and secretion of thyroid hormones, resulting in subnormal levels of T4 and T3 and an associated compensatory increase in secretion of TSH.~ The perchlorate ion, because of its similarity to iodide in ionic size and charge, competes with iodide for uptake into the thyroid gland by the sodium-iodide symporter, a transport mechanism in the membranes of thyroid cells. At high doses, this competitive inhibition results in reduced production of the thyroid hormones [triiodothyronine (T3) and thyroxin (T4)] and a consequent increase in thyroid stimulating hormone (TSH) via a negative feedback loop involving the thyroid, pituitary and hypothalamus.8 Subsequent events include decreases in serum T4 (and T3), leading to the potential for altered neurodevelopment if observed in either mothers or fetuseslneonates, and increases in serum TSH, leading to the potential for thyroid hyperplasia and
